Abstract
Introduction

39
Due to insufficient control of emissions from a rapid increase in population, industries, 40 urbanization and energy consumption, health effects associated with air pollution in developing 41 countries in Asia are severe (Cohen et al., 2005) . India, the second most populous country in the 42 world, has been experiencing extremely high concentrations of fine particulate matter (PM2.5) in 43 recent decades. In 2015, PM2.5 concentrations in south, east, north and west Indian cities were 6.4, 44 14.8, 13.2 and 9.2 times of the World Health Organization (WHO) annual guideline value of 10 45 µg/m 3 . It is estimated that India accounted for 0.65 million out of the 3.3 46 million deaths resulted from air pollution caused by PM2.5 globally in 2010 (Lelieveld et al., 2015) .
47
Outdoor PM2.5 was also ranked as seventh in causes of death in India during 1990-2010 (IHME,
.
49
Efforts have been made to estimate the premature deaths associated with PM2.5 in India. For 50 example, Sahu and Kota (2017) 
53
Few studies estimate the health effects using regional and global models, and satellite data.
54 Lelieveld et al. (2015) estimated the global premature mortality of chronic obstructive pulmonary 55 disease (COPD), cerebrovascular disease (CEV), ischaemic heart disease (IHD) and lung cancer 56 (LC) using predicted PM2.5 concentrations from a global atmospheric model and exposure-57 response equations from Burnett et al. (2014) . In addition to premature mortality, years of life lost
58
(YLL) an important indicator for health effects associated with PM2.5, which accounts for the ages 59 of those who die and age distribution of population, is more informative and meaningful for 60 estimation of the burden of air pollution on health and environmental policy decision. Fann et al.
61
(2012) used exposure risk functions from a cohort study by American Cancer Association 62 (Krewski et al., 2009) tagged tracer technique have been developed and used for source apportionment of gases (Kota et 69 al., 2014) and PM Ying et al., 2015; Zhang and Ying, 2010) The models used in this study were based on CMAQ 5.0.1 with a modified SAPRC11 84 photochemical mechanism and aerosol module version 6 (AERO6). Heterogeneous formation of 85 SO4, NO3, and SOA formation from surface uptakes was incorporated to improve model 86 performance (Hu et al., 2016; Ying et al., 2015) . Source contributions of primary PM (PPM) and 87 its chemical components were estimated using tagged non-reactive tracers. The tracers from each 88 source sector go through all atmospheric processes similar to other species. Detailed information 89 on this source apportionment method could be found in Guo et al. (2017) and the references therein.
90
The source contributions to secondary inorganic aerosol (SIA) were determined by tracking SO2,
91
NOx, and NH3 through atmospheric processing using tagged reactive tracers. Both the 92 photochemical mechanism and aerosol module were expanded so that SO4, NO3, and NH4 and 93 their precursors from different sources are tracked separately throughout the model calculations 94 (Qiao et al., 2015; Zhang et al., 2014; Zhang et al., 2012) .
95
The default vertical distributions of concentrations that represented clean continental conditions 
where yo refers to baseline mortality rate for a particular disease in India as listed in Table S1 , concentrations (Guo et al., 2013; Pope III et al., 2009; Romeder and McWhinnie, 1977; Yim and 131 Barrett, 2012) . It is a measure of the average years a person would have lived if he or she had not 132 died prematurely due to some specific reason. YLL is usually calculated as a summation of the 133 number of deaths at each age group multiplied by the number of years remaining as shown in Eq.
134
(4).
where di is the number of deaths in age group i (i = 1,7) as shown in Table S2 n is the life of the total premature mortality over the country in 2015.
173 Table S3 shows the comparison of the results with other studies. This study predicted higher total 
206
The total premature mortality due the eight source sectors and SOA is shown in Figure 4 and 207 portions of the contribution of each source type of each state in India is listed in Table S4 . Mizoram, Tripura, Manipur, Nagaland, and Sikkim are also contributed significantly by 222 agriculture PM2.5. In comparison with Lelieveld et al. (2015) , this study predicts higher
223
contributions from industry and agriculture sectors but lower from traffic and dust sectors due to 224 the differences in emissions (Table S3) . could be achieved with an 80% decreasing in PM2.5. PM2.5 concentrations need to be reduced by 242 65%, 50%, 60% and 65%, respectively, for Bihar, Maharashtra, Uttar Pradesh (including Delhi)
243
and West Bengal to achieve a 50% reduction in PM2.5-related premature mortality. Table S5 .
251
For example, the premature mortality in Uttar Pradesh (including Delhi) due to PM2.5 exposure and some states in east India has a total mortality greater than 3000 deaths per 100,000 persons.
267
The total premature mortality in India for adult ≥ 25 years old in 
